In order to see if changes in preload could be used to help assess left ventricular function, 24 patients with uncomplicated acute myocardial infarction (AMI) received plasma volume expansion (PVE). In eight patients (group A) cardiac index (CI) increased by 20% or more, and in 16 patients (group B) CI increased by less than 20% or decreased. By plotting left ventricular stroke-work index (LVSWI) against left ventricular end-diastolic pressure (LVEDP) before and after PVE, the ventricular function curves upon which the heart was operating could be assessed. In group A patients the values moved upward and to the right, while in group B the values during PVE moved horizontally or downward anid to the right suggesting that at rest these hearts were operating at the peak of their function curves.
SINCE THE REDUCTION in death due
arrhythmias, shock and cardiac failure have become the most common cause of in-hospital mortality in patients with acute myocardial infarction (AMI). In addition, patients who survive the acute episode frequently show significant ventricular impairment several weeks later.1 Prevention of acute pump failure and late disability might be possible if during the acute phase of myocardial infarction the extent of myocardial damage can be limited using counterpulsation to reduce ventricular work and improve coronary blood flow.2 Before this can be tested in man, however, a more accurate method of defining left ventricular dysfunction early in AMI must be sought.
Hemodynamic studies of patients with AMI have been useful in separating patients into different prognostic groups. Patients with marked reduction in left ventricular work3 4 have been shown to have a higher mortality than patients in whom this parameter is normal or only slightly reduced following AMI.
In some patients, however, reduced cardiac output and work indices may be the result of inadequate ventricular filling rather than extensive ventricular damage. 5 In addition, hemodynamic measurements in patients with severe myocardial damage may give values which overlap with values obtained in patients in whom ventricular damage is of lesser degree.
The purpose of this study has been to determine if hemodynamic measurements used to assess ventricular function after AMI could be made more sensitive by using plasma volume expansion to alter preload so as to define the ventricular function curve on which the damaged heart is operating. 
Results
The 24 patients studied have been grouped according to their CI response to PVE. Eight patients (group A) each increased CI by 20% or more for a mean change in CI of 46%. In each of 16 patients (group B) CI changed by less than +20%, and the average change for this group was +1%.
The average time from the onset of acute myocardial infarction to the onset of the study was not significantly different between the two groups, averaging 1.8 days in group A and 2.1 days for group B. Six of the eight patients in group A and 12 of the 16 group B patients were studied within 2 days of AMI, and the remaining patients were studied 3 and 5 days (group A) and 3, 3, 4, and 7 days (group B) after the onset of AMI.
Clinical Data
Certain clinical features were compared between these two groups and are listed in table 1. The groups were not different with regard to age, sex distribution, or the presence of previous hypertension, diabetes mellitus, myocardial infarction, or Mean control values (table 3) were compared between the two groups. Patients in group A had a control MAP of 105 ± 3 mm Hg which was significantly higher than the control MAP for group B patients which averaged 93± 3 mm Hg (P<0.05). SVR was 27±4 mm Hg/liter/min in group A and 21 ± 2 mm Hg/liter/min in group B, but this difference was not significant. Patients in group A tended to have lower control values for CVP, PADP, LVEDP, and MRE; however, the differences between the mean values for the two groups were not statistically significant. Mean control values for CI, SV, HR, LVSWI, peak LV dp/dt, Vmax, and systolic time intervals were similar in both groups.
Hemodynamic Changes following PVE HR was not significantly changed in either group. Therefore, changes in SV were similar to changes in CI and averaged +38 + 7% for group A patients and -3+3% for group B patients. Increases in MAP occurred in both groups averaging +15 + 4% for group A (P < 0.02) and +6 3% for group B (P < 0.05). SVR fell by 21 4% in group A (P < 0.01) but increased by 2 ± 5% in group B (NS).
Left Ventricular Response to PVE Left ventricular pressure was measured directly in 13 patients, and in 12 patients (five group A and seven group B) this measurement was made both prior to and following PVE. Figure 1 shows a plot of the LVEDP-LVSWI relationship for each group prior to and following PVE. During the control period, the five patients in group A had an LVEDP of 9 ± 2 mm Hg and an LVSWI of 36 + 4 g-m/beat/m2. Following PVE, the LVEDP-LVSWI plot had shifted upward and to the right, and the resultant mean values were LVEDP 24 + 4 mm Hg and LVSWI 54 ± 3 g-m/beat/m2. Prior to PVE the seven patients in group B had an LVEDP of 15 ± 2 mm Hg and an LVSWI of 33 ± 5 g-m/beat/m2. Following PVE the mean LVEDP-LVSWI plot had shifted downward and to the right with the LVEDP g-m/beat/m2.
Changes in peak LV dp/dt following PVE were measured in five group A and seven group B patients. Three patients in group A and four patients in group B increased peak LV dp/dt; however, mean changes were not significant for either group.
Changes in Vmax after PVE were recorded in three group A and six group B patients. Vmax increased in one patient from each group and decreased in the remainder; however, mean changes were not significant.
Systolic Time Intervals
Systolic time intervals before and following PVE were measured in six group A and 11 group B patients. Mean values are shown in Figure 2 . Following PVE, QS2c increased 16 + 6 msec in group A (NS) and 17 + 6 msec in group B (P < 0.02). LVETC increased 26 + 10 msec in group A (P<0.05) and 22 +5 msec in group B (P <0.01). PEPC decreased 13±5 msec in group A (NS) and 5 5 msec in group B (NS). The PEP/LVET ratio decreased from 0.46 to 0.36 in group A (P < 0.05) and from 0.45 to 0.39 in group B (P < 0.05). Figure 3 shows values for MRE which increased by 50 + 12 cc/sec in group A (P < 0.02) and decreased by 34 ± 14 cc/sec in group B (P < 0.02).
Ventricular Filling Pressures
A total of 10 
Discussion
A basic hypothesis in dividing our patients into two groups is that, as a group, the 16 patients in group B whose CI failed to increase by 20% or more following PVE had worse ventricular function and, therefore, more ventricular damage than the eight patients in group A. Although the percentage of patients dead after 1 year was similar in both groups, each of the six group A patients for whom follow-up data were available lived for at least 6 months, whereas seven group B patients expired within 6 months of the study.
Of the clinical parameters listed, only the presence of anterior infarction was of help in predicting how the patient would respond to PVE. Changes in CVP and LVEDP following PVE in ten patients. Although increases in both CVP and LVEDP occurred in each patient, large increases in LVEDP were accompanied by relatively small increases in CVP in six patients. 16 The measurement of systolic time intervals as a noninvasive means of evaluating cardiac function has received much attention, but when applied to patients with AMI a poor correlation between STI and direct hemodynamic measurements has been observed. '8' 19 Our data further suggest that, even when serial changes in STI are considered, interpretation of such changes is far from simple. Although an increase in LVETC following PVE occurred in five of six group A patients, all of whom increased SV, a similar increase in LVETC occurred in 10 of 11 group B patients of whom eight had no change or a fall in SV. The increase in LVETe in our group A patients could be explained by the large increase in SV which exceeded the increase in the rate of left ventricular ejection. In group B patients, however, the increase in LVET appears to have been due entirely to a decrease in the rate of left ventricular ejection. Although interpretation of changes in LVET might be aided by considering associated changes in PEP (i.e. a decreased MRE associated with an increased PEP as evidence of diminished contractility) we did not find this to be the case, because PEP, was decreased slightly following PVE in both groups of patients. Thus, since an increase in LVETC and a decrease in the PEP/LVET ratio can result from either improved SV or a decreased rate of left ventricular ejection the value of these measurements as a means of following individual patients with AMI remains in doubt.
